Polycyclic aromatic hydrocarbons (PAHs) distribution on aquatic particle sizes determines their transportation and degradation fate and hence their management performance for aquatic environment. Using thermal desorption (TD) extraction coupled to gas chromatography and mass spectrometer (GC-MS), we investigated PAH concentration variation in size-fractionated urban creek surface sediments. Sediment fractions were also investigated for their major material composition and chemical oxygen demand (COD). In general, the PAH's concentrations and volatile content by particle sizes indicated bimodal distributions with smaller and larger particles enriched with constituents than with the intermediate sized sediment particles. However, most mass of the PAHs was associated with the smaller and intermediate-sized sediments. For smaller sediments, sediments affected by commercial area runoff showed higher concentrations of PAHs than that of non-commercial area runoff sediments. Linear correlations between sediment COD and PAH concentrations were obvious for highly volatile sediments than that of less volatile sediments.
Introduction
PAHs are an example of persistent organic pollutants of environmental concern (Cheung et al., 2006) , with some listed as carcinogenic on the US Environmental Protection Agency's (US EPA) priority pollutant list.
PAHs in the environment are primarily formed due to incomplete combustion of organic material and naturally from crude oil and coal. Increased anthropogenic activities from industrialization and urbanization, including increased use of vehicles and wear and tear of asphalt, have resulted in increased PAH levels in the environment (Kuklick, et al. (1997) ; Low solubility and high partitioning affinity to sediments results in enriched PAH content of stormwater particles, with relative low levels found in their soluble form. Hence, PAHs tend to accumulate in receiving water sediments (Juhasz, et al. (2000) ). PAH concentrations in aquatic sediments are expected to be affected by many factors including proximity and type of source areas and sediment material composition, amongst others. Therefore, aquatic sediments are found to have varied concentrations of PAHs. For example, total PAH concentrations in US marine sediments were found to range from 2.17-170,000 µg/Kg of dry sediment (Latimer (2003) ). Zhou, et al. (1998) has determined that sediment texture and organic content affect PAH association with sediments. Ghosh, et al. (2003) has reported that 60 -90% of the PAH mass in urban sediments (at Harbor Point, NY, Milwaukee Harbor, WI, and Hunters Point, CA) was contributed by carbonaceous particles (primarily coal, coke, charcoal, pitch, cenospheres, and wood) and 5 -7% was contributed by minerals (primarily sand, silt, and clays). Li (2010) found a strong positive relation between sediment total organic carbon, or black carbon, and PAH concentrations. Since the organic carbon content of carbonaceous sediments varies based on the sediment sources (Yang, et al. 2010) , the associated PAH concentrations are also expected to vary based on sediment contributing source. In addition, source areas also may affect the distribution pattern of PAHs with sediment particle sizes. For example, Guggenberger (1996) noticed relatively even concentrations of PAHs by particle size in rural soils, whereas Muller (2000) observed non-homogeneous distributions of PAHs in urban soils. Among the degradation processes, bio-degradation is believed to influence the fate of PAHs the most in sediments (Haritash, et al. (2009) ). PAH bio-availability is affected by sediment size and composition among other factors. In addition, runoff particle sizes will determine transport of the associated PAHs, with smaller sized particles expected to transport PAHs longer distances downstream than larger particles.
Literature concerning aquatic PAHs primarily focuses on source apportionment of sediment PAHs, identifying major distribution fates of the PAHs between particulate and dissolved forms, and in understanding the relationship between organic content of sediments and their PAH concentrations. Most literature does not address PAHs associations by sediment particle size and the influence of source area on particle size distributions of the PAHs. Understanding these PAH relationships by particle size and their associated fates is essential when developing strategies for their management. As part of the research presented in this paper, we quantified selected PAHs by particle sizes in urban creek sediments separated by source area sampling points and attempted to relate these relationships to their likely source areas. Earlier presented an overview of our findings of PAHs distribution on sediment particle size in Bathi, et al (2012) with data points from separate sampling locations lumped together.
As part of this research, we also tested a thermal desorption (TD) based analytical technique for sediment PAH analyses. Large numbers of data are needed for statistically significant conclusions when conditions are highly variable, such as for PAH concentrations in urban areas. Conventional PAH analytical methods are time consuming and expensive, hindering the ability to obtain the large numbers of data needed. The commonly used Soxhlet (EPA method SW-848), automated Soxhlet (EPA method 3540), and ultrasonic extraction (EPA method 3550) methods for extracting PAHs from solids have some inherent disadvantages. They require large amounts of organic solvents, and typically require post-extraction treatments that are the most time consuming, complex and errorprone step of the total analytical procedure (Zhang, et al. (1994); Koning, et al. (2009) ); hence, these methods were not practical for this research as large numbers of samples needed to be analyzed, and the quantity of some of the collected sediment particle size samples were limited. Alternatively, the newly available TD-based analytical technique was reported to overcome many of these problems.
The objectives of this research were to quantify the PAHs in urban creek sediments in a central Alabama city (Tuscaloosa/Northport), USA using newly tested TD/ gas chromatography / mass spectrometry (GC/MS) analytical technique as well as to examine possible relationships among the urban creek sediment characteristics and the PAH content (particle size, material composition (volatile content) and chemical oxygen demand (COD)). In addition, the effects of source area type on the sediment PAH characteristics also were evaluated.
Methodology

Samples Collection and Processing
A set of fifteen (five from each sample location) surface sediment samples were collected from three sample locations along three urban creeks in and around Tuscaloosa and Northport in central Alabama. Sediment samples from the selected creeks were collected in such way that the samples represented sediments affected by runoff from different urban source areas. The sampling points along Cribbs Mill Creek, an urban creek in Tuscaloosa discharging into the Black Warrior River, was located at the downstream end of a few hundred foot long concrete-lined channel in a residential neighborhood. The sediment (bed load) on the concrete channel therefore was mainly affected by the runoff from the surrounding residential areas, with minimal bank erosion material. This creek was extensively studied by Pitt, et al. (2004) to identify any inappropriate discharges (mainly sewage contamination) with the finding that there was no such contamination sources. The sampling location along Hunter Creek, an urban creek originating in Tuscaloosa County and passing through the city of Northport before joining the Black Warrior River, was close to the creek entrance into Northport. The sediment at this sampling location was mostly affected by the runoff from heavy traffic along McFarland Blvd (a state highway which runs adjacent to the creek), commercial areas, and runoff from a trailer park residential area. A creek-side automobile shop discharges at the sampling location. The third sampling location is in the lower section of Carroll Creek where it enters Lake Tuscaloosa. The sediment at this sampling location is affected by runoff from a high-density residential area on one side of the creek and forested lands on the other side of the creek. In addition, the sediment at this sampling location has a history of contamination from sanitary sewage overflows (SSOs) from the separate sewer system in the adjacent residential area (Consent Order NO. 07-139-CWP from the Alabama Department of Environmental Management (ADEM) to the City of Northport, issued in July 2007; there were three SSO incidents during 2006). All samples were collected from shallow cores within about 5 cm of the sediment surface. Each sample was a composite of several samples taken within 100 meters of the identified outfall. All of the samples were collected in pre-cleaned and autoclaved glass sample bottles using a manual polypropylene dipper sampler.
The collected sediment samples were dried in aluminum trays at 104°C to remove moisture. Since the analytes of interest (selected PAHs) have boiling points above 200 o C, drying sediment samples at about 100 o C for short periods (approximately 12 hours) under normal pressure conditions was not expected to result in any significant loss of PAHs from the sediment samples. Extended heating under pressurized conditions, though, could result in desorption of analytes from solid matrices at a temperature below their boiling point. If there was any such loss in this study, it will be primarily for the more volatile low molecular weight PAHs such as naphthalene (boiling point 218 o C). However, as all samples were treated in a similar manner, such effects would be similarly applicable to all sample results and will not affect comparisons between the samples as presented in this paper. Dried samples were sieved using a set of stainless-steel sieves with openings of 45, 90, 180, 355, 710, 1400 , and 2,800 μm with a throw-action mechanical sieve shaker. In addition, large organic material (leaves and other debris) were manually separated from the largest particle fraction and analyzed separately. Overall, 135 separate samples were analyzed. All sediment size fraction samples were stored in a freezer until they are analyzed for PAHs, which was within two weeks from sample collection. The larger size fractions (>710 μm) were ground to smaller sizes using a stainless steel ball mill. This was done so the sediment sample would fit into the TD extraction tube, as well as being similar in size to the standard sediment used for developing and verifying the TD/GC/MS method. Further details of the thermal desorption method are explained in the following sections.
2.2PAH Analyses
TD extraction procedure in combination with GC/MS was used for quantification of the PAHs on the size-fractionated sediments. TD extraction techniques use elevated temperatures as a means to transfer the analytes from solid sample matrices to the gaseous analytical system. This TD/GC/MS method was developed and tested for its reproducibility and sensitivity using SRM1941b standard sediment samples obtained from National Institute of Standards and Technology (NIST) (Gaithersburg, MD). Sediments, both collected and NIST-certified, were frozen and lyophilized to remove any residual water. A known amount of sediment samples was packed into the thermal desorption tubes which then were loaded onto the sample carousel of a Scientific Instrument Services, Inc. AutoDesorb TM TD unit fitted to an Agilent 6890 gas chromatograph equipped with an Agilent 5973N mass selective detector.
The GC was fitted with a split/splitless injector, a HP-5MS capillary column (30m x 0.25mm x 0.25μm, J&W Scientific, USA) and used ultra-high purity helium as the carrier gas. It was convenient to purchase capillary columns with pre-fitted guard columns as this facilitates removing a section of the column (injector end) without loss of analytical capacity. The GC injector was heated to 300 o C and was operated with a 20:1 split ratio with a column flow rate of helium carrier gas of 0.9 mL/min (constant flow mode). The initial oven temperature was 50 o C (1 min hold), and was programmed to increase at a rate of 20 o C min -1 from 50 o C to 140 o C and at 6 o C min -1 from 140 o C to 300 o C, followed by a 30 minute hold period. The MSD was operated in EI mode (-70 mV) and either scan or selective ion monitoring mode. The TD/GC/MS system was operated by AutoDesorb TM software working in concert with Agilent Chemstation software. The thermal desorption tubes were heated at 100 o C per minute to a final temperature of 350 o C and held constant for 15 min for all the PAHs in the sediment samples to extract into the gaseous phase to enter the GC.
Calibration standards were prepared by spiking known amounts of liquid standard mixtures into thermal desorption tubes packed with glasswool. The analysis of the calibration standards were carried out within several hours of their preparation. Calibration curves were constructed by plotting the peak area of the analytes versus the amount of the analytes. Standards spiked on glasswool were analyzed prior to the start of sediment sample analyses on each day of analyses. Full standard curves were developed each time the GC/MS was maintained. In addition, every day before the start of sample analysis, the mass spectrometer was auto-tuned using the standard tuning file, and after every few sediment sample runs, solvent analyses were performed to clear up any potential contaminated depositions in the inlet and in the capillary column.
Repeatability of the TD method was tested by analyzing triplicates of known liquid standards on glasswool in the TD extraction tubes. Analyses indicated higher coefficients of variation (COV) in resultant peak areas for low molecular weight (MW) and high MW PAHs (naphthalene 49% COV, fluorene 24% COV, dibenzo(a,h)anthracene 15% COV, and benzo(ghi)perylene 16% COV) than the intermediate MW PAHs which had much lower COVs, ranging from 0.5% to 4.0%. These results indicate more precise measurements for intermediate MW PAHs than for low or high MW PAHs. The method recovery was determined by analyzing triplicate samples of known amounts of the NIST standard. The calculated recoveries, based on the analytes' average concentrations, ranged from 27 to 143 percent. PAHs with aromatic rings of five or more showed lower recoveries than PAHs with fewer aromatic rings, except for pyrene, indicating it is harder to extract stronger hydrophobic PAHs (higher Koc value) than that of lesser hydrophobic PAHs by this method. Even though the TD method recovery for some of the analytes was low, they were still within the acceptable range contained in the EPA Method 610 for analysis of organic chemicals from municipal and industrial wastewater. Similarly, the method response was tested by analyzing NIST standard samples of different weights, ranging from 3 mg to 60 mg. Linear regression analyses of the method-estimated analyte weight and their weight in certified standards indicated the linearity of the analytical method over this range of mass. The lowest regression coefficient was for dibenz(a,h) anthracene (R 2 = 0.52), indicating that the results for this compound were less reliable than for the other analytes, however they were still within the acceptable range (R 2 > 0.50). The method detection limit (DL) and lower quantification limit ( LQL) are calculated from standard errors of the regression relationship developed by analyzing NIST standard samples, per McCormick and Roach (1987) . The analytes certified concentrations and method estimated concentrations, along with the acceptable recoveries of the analytes in the liquid sample matrices, calculated method detection and quantification limits are presented in Table 1 . To understand the influence of solid matrices on the method recovery, two different solid matrices of test samples were prepared by spiking glasswool and Tenax (an inert adsorbent resin which more closely resembles sediment samples) with a liquid PAH standard mixture. For most analytes, relative recovery from the two matrices was close to 1 (±0.15). However, for some higher molecular weight PAHs, including Indeno(1,2,3-cd)pyrene, Dibenz(a,h)anthracene and Benz(ghi)perylene), the recovery from Tenax was less than that from the glasswool. The ratios of the recoveries from the glasswool to the Tenax for these three compounds were 1.42, 1.65, and 1.65, respectively, indicating it is harder to extract high molecular weight PAHs from solids than of lower molecular weight PAHs. More details on the thermal desorption method development and testing can be found in Bathi (2008) . 
Material Composition and COD
The material composition of the sediments was determined using "Thermal Chromatography" (an expansion of the volatile solids analyses) techniques per Ray (1997) . A known amount of sediment sample was placed in a crucible that was heated to higher temperatures, progressively, at set intervals, from 104 o C to 550 o C. After each heating interval, the crucible (with sample) was cooled and weighed in order to determine the percent mass burned off since the last temperature. A heating time of 1 hour at each temperature was maintained to ensure stable weights of the heated samples. Moisture is lost when the samples are heated to 104 o C, while paper debris are lost between 104 and 240 o C, leaves and grass are lost between 240 and 365 o C (the material that preferentially sorbs PAHs), and rubber and asphalt materials (likely having substantial PAH concentrations as part of the component material) are lost between 365 and 550 o C. COD analyses of the size fractionated sediments were determined using reactor digestion HACH COD Method 8000.
Results and Discussion
3.1Sediment Particle Sizes and PAHs
All the collected samples (15 in total) were separated into nine size fractions ranging from < 45 µm to > 2800 µm. The dry weight distribution of the sediment sample particle sizes are shown in Fig 1  to 3 . The sediment size fraction 180 -355 µm was predominant in the samples from all three locations. For samples from Cribbs Mill Creek and Hunter Creek, most of the sediment was distributed in the size range of 180 to 710 µm, whereas most of the particles in the samples from Carroll Creek were between 90 to 355 µm. In addition to runoff water sources of sediments, creek bank erosion might have introduced sediment particles at the sampling locations (likely coarser than particles in typical runoff samples). Creek bank erosion would only be applicable to sampling locations along Hunter and Carroll creeks, as the Cribbs Mill Creek location was a concrete lined channel section. Due to the high density urban development sources of Cribbs Mill and Hunter creeks, these sampling locations were likely affected by high velocity flash floods that could cause increased bank erosion. Overall, the samples had most of the sediment particles distributed in the size range of 90 to 710 µm. All individual sediment fractions were analyzed by TD/GC/MS for PAHs. Thirteen PAHs were selected for quantification. These were selected as they are more harmful than others in the group and also were found to be most abundant in urban stormwater during earlier stormwater research (Pitt, et.al. 1995) . These analyses yielded a data set containing 1,755 PAH determinations (15 samples x 9 size fractions x 13 PAHs). Mean concentrations of the PAHs by sediment size fractions and by sampling location are presented in the Tables 2 through 4 (individual PAH results by sediment size fraction and by creek can be found in Bathi 2008) . As for most laboratory analyses, the analytical results presented in the tables are not corrected for the method recovery. Depending on the expected concentrations of analytes in the sediments, the amount of sample used for each TD analysis varied. Larger sediments were ground to fit into the thermal desorption tubes and to be more similar to the sample sediment size distribution of the NIST 1941b standard sediment sizes used for the method recovery calculations. Care was taken to make sure they were not ground too fine which could create sample handling problems and potential for contamination. During method development, in order to understand the effect of sediment grounding on the method PAHs recovery, four subsamples of coarser sediments (two from 710 -1400 µm and two from 1400 -2800 µm) were analyzed for PAHs both in ground and un-ground condition. ANOVA analyses of the measured concentrations of PAHs in the coarser unground and ground sub-samples indicated no significant differences in the PAH concentrations; hence the recovery of the PAHs was not likely affected by sediment particle sizes of these samples.
Except for the >2800 LOM fraction, the sediment samples were primarily of inert material, with only small portions as volatile organic matter (see later section). Based on the literature, since the PAHs are expected to have high affinity for organic matter, the PAHs likely associated with the surfaces of sediment particulates, where small organic matter may be attached. It was likely that there were only small portions of PAHs throughout the sediment particles (the exception being the asphaltic and rubber material that was detected in only very small fractions of the samples). The TD extraction process used for these PAH analyses is expected to be more efficient in stripping PAHs attached to the outer surfaces of the particulates than from the inner portions of the sediment particles. The results of the ground versus unground tests indicate that additional amounts of PAHs were not within the sediment material itself, but are mostly bound to the sediment surfaces.
The PAH concentrations for the different size fractions were highly variable, which is similar to the variations found in PAH concentrations of runoff water samples and urban stormwater pond sediments (Polta, et al. 2006; Lau, et.al. 2009; Weinstein, et al. 2009 ). Oneway ANOVA analyses to test the differences of the PAH concentrations for different particle sizes indicated significant differences in PAHs concentration for particle sizes (p<0.05, except for naphthalene at Cribbs Mill Creek; and benzo(a)pyrene, indeno(1,2,3-cd)pyrene and benzo(g,h,i)perylene at Hunter Creek), as shown in Table 5 (Bathi, et al (2012) ). Additionally, cluster analyses of the sediment PAH data by particle size fractions indicated that for most of the analytes, the >2800µm LOM fraction was a separate group compared to all the other sizes combined (analyses results are not shown in this paper, but can be found in Bathi 2008) . PAHs concentrations by particles size were also examined using boxwhisker plots. The results demonstrated that, generally, smaller sized and larger sized particles (especially in LOMs) were associated with higher concentrations of selected PAHs compared to medium sized particles. Observed higher concentrations in the LOM fraction were similar to the trend noted by Rushton (2006) in stormwater collection systems. Also prior fugacity modeling by Bathi, et al. (2007) showed strong associations of PAHs with the organic content of the particulates in aquatic systems, further supporting the observed higher concentration of PAHs in the leaf fractions.
Boehm and Farrington (1984) reported a direct positive relationship between PAH content and the silt/clay fraction of sediments. Higher concentrations of PAHs in the smaller size fractions were believed to be related to higher organic content and larger surface areas of these fractions. The observed bimodal distribution of the PAH concentrations by sediment particle size is similar to the distribution observed for volatile content of sediment fractions (see later sections). Overall, all analytes were enriched mostly in the smaller sized particles compared to the larger size particles, excluding the LOM fraction. This trend is very evident for the high molecular weight analytes. This observation was similar to the trend reported by Krein and Scholer (2000) for high molecular weight PAHs in the single event road runoff samples (a total of eight samples). For all three sampling locations, although the smaller (< 90 µm) and larger (> 710 µm) size fractions of creek sediments were found to contain the highest levels of PAHs, these fractions only represented small fractions of the total sediment mass, hence only a small PAH load is associated with these extreme size fractions. Table 5 One-way ANOVA Analysis of PAH Concentrations by Creek Sediment Particle Sizes (Bathi, et al (2012) ) The probability and box and whisker plots show that Hunter Creek has significantly higher concentrations for many analytes, especially for the small particle sizes, followed by Cribbs Mill Creek. For smaller particles, the observed PAH trend by location is similar to the trend noticed by Banger, et al. (2010) in Miami, FL, with commercial areas having the highest PAHs concentration, and residential and open lands having the least PAH concentrations. For larger sized particles, Cribbs Mill Creek sediment samples have higher PAH concentrations than found in Hunter and Carroll creeks. As noted earlier, Hunter Creek sediments are impacted by discharges from a creek-side automobile repair shop, the likely source of the higher PAH concentrations in the sediment samples at that location. However, visual observations at the Hunter Creek sampling location also indicate eroded creek bank material composed of mainly of larger particles. This erosion material is believed to be diluting any larger sediment particles from contaminated sources, resulting in lower PAH concentrations of the larger size fractions at this location.
Even with the past history of sediment contamination by SSOs (potential source of organic matter), sediment samples collected in Carroll Creek have lower PAH concentrations than the other two creeks. The same trend is observed also for total volatile content of the sediment samples from the three creeks. The observed trend might be due to the long period (more than a year) since the Carroll Creek sediments were affected by the SSOs.
During this long period, the contaminated sediments at Carroll Creek likely transported from the site or diluted with the fresh sediment washed on the site from upstream,.. In contrast, as presented in earlier, the Cribbs Mill Creek sampling location is in a long concrete channel with no bank erosion material affecting the sediment concentrations. The concrete lining also has obvious algae growths, some of which was collected in the sediment samples, which may have preferentially bio-accumulated PAHs. The algae content is very obvious in the larger sediment size fractions of the samples from the creek than in the smaller size fractions. These larger fractions of the sediments from the Cribbs Mill Creek also have higher levels of PAHs than in the same size sediment fractions from Hunter Creek. Preferential absorption of PAHs by algae is not extensively examined in this study, nor were appropriate references found in the literature, beyond the general observations of higher PAH concentrations as the organic matter content increased.
The total concentrations of the thirteen PAHs, calculated based on mean concentrations and mean weight of the sediment fractions, were about 5,200µg, 4,000µg and 2,500µg per kilogram of sediment samples dry weight for Cribbs Mill Creek, Hunter Creek and Carroll Creek, respectively. PAH enriched 710 -1400 µm and 1400 -2800 µm size fractions from Cribbs Mill Creek, resulted in higher levels of total PAHs in sediment samples than in the commercial source area Hunter Creek sediments (Fig. 4) . Observed total PAHs for the creeks were in the lower range of literature published PAHs concentrations for urban sediments. Polta, et al. (2006) Table 7 . In part as presented in Bathi, et al (2012) , in the thermal chromatography technique, material lost between 240 and 365 o C indicates the amount of leaves and grass associated with each particle size that may preferentially sorb PAHs, while material lost between 365 and 550 o C indicates rubber and asphalt that likely have substantial PAH concentrations as part of the component material. Other than for the case of largest size fraction (> 2800 µm LOM), all other fractions were mostly non-combustible (or nonvolatile). For the > 2800 µm LOM fraction, most of the material was found to be volatile, which was expected because this fraction mostly consisted of leaves, grass clippings, etc. For the 240 -365 °C temperature range (leaves and grass clippings), the smaller (< 90 µm) and larger (> 710 µm) size fractions were associated with higher percentage weight losses compared to intermediate sized particles, and this trend was similar to observed PAHs concentration trend in sediment fractions. Higher concentrations of organic material in the small size fractions likely were caused by clay and silt sized materials. Sediment size fractions also were analyzed for their COD content and the results are shown in Table 7 . Similar to the total volatile content of sediments, smaller (< 90µm) and larger (> 710µm) particles had higher COD concentrations compared to the intermediate-sized particles, with median COD values observed to be associated with particles of the size 355 µm (determined based on cumulative distribution of sediment fraction COD content).The log transformed COD and percent volatile content of size fractions combined indicated a strong correlation (with ANOVA probability (p) below 0.05). This strong correlation indicates the potential for COD to be a surrogate for sediment sample volatile content, and also to indicate potential for high PAH concentrations. Regression analyses were conducted to examine the relationships between COD and PAH concentrations of the sediments. In slightly more than half of the regression analyses, the response factor (the slope term of the linear regression) was significant (p < 0.05); out of a total of 351 cases (9 particle size ranges, 13 analytes, and 3 locations), 193 cases had significant response factors (54% of the total cases). A higher number of significant cases were found for sediment fractions with higher volatile content (larger and smaller particle sizes compared to intermediate sizes), with the highest for the >2800µm LOM fraction and lowest for the 90 -180 µm fraction. Therefore, the effects of volatile content or COD concentrations on PAH concentrations can be seen more clearly when these quantities are relatively high. Samples from Carroll Creek had the largest number of significant regression cases followed by Cribbs Mill Creek, and finally Hunter Creek. The differences in the linear relation of the COD (or volatile content) of sediments and their PAH content by sample location indicates that the relation may differ based on the type of organic matter in the sample which can differ based on its contributing source.
Conclusions
Urban creek sediment samples were collected and analyzed for PAHs and selected other constituents. Relationships between the PAH concentrations and organic and particle size characteristics of the sediments were investigated in this paper. Sediments in the size ranges 180 -710 µm were found to be dominant in Cribbs Mill Creek and Hunter Creek samples, while sediments in 90 -355 µm size ranges were found dominant in Carroll Creek samples. Overall, most of the sediments were found to be dominant in the particle size range of 90 -710 µm. For all three sampling sites, in general, the volatile content, COD and PAH concentrations were found to be highest in the smallest and largest sediment size fractions. Sediment fraction > 2800 µm (W/O LOM) showed lower PAHs concentration than that of same size sediment fraction with LOM included, indicating presence of organic material enhances PAHs association with sediments. Positive linear relationships were observed between PAH content and COD, and this relation was more obvious in the sediment fractions with higher volatile (or COD) content. There was no single trend seen across sediment sizes and analytes for PAH concentrations by sediment contributing source areas. However, for smaller particle sizes, sediment samples affected by commercial area runoff were found to have higher PAH concentrations than the samples affected by runoff from non-commercial areas. Many of the PAHs had a coefficient of variation (ratio of the standard deviation to the mean concentration) of 0.5 to 0.75. With five samples at each sampling location, the sampling effort can detect differences in analytes concentration of about 100% or greater (the average value of one set would have to be twice, or larger, than the average value of the other set) with a confidence of 95% and a power of 80% (Burton, et al. 2002) . Hence larger sampling efforts may be needed than conducted as part of this research to identify clearly smaller differences in sediment PAH concentrations.
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